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We describe the far from equilibrium non-local transport in a diffusive superconducting wire with
a Zeeman splitting, taking into account the different spin relaxation mechanisms. We demonstrate
that due to the Zeeman splitting an injection of a current in a superconducting wire creates a spin
accumulation that can only relax via thermalization. In addition the Zeeman splitting also causes
a suppression of the spin-orbit and spin-flip scattering rates. These two effects lead to long-range
spin and charge accumulations detectable in the non-local signal. Our model explains the main
qualitative features of recent experimental results in terms of realistic parameters and predicts a
strong dependence of the non-local signal on the orbital depairing effect from an induced magnetic
field.
PACS numbers:
Hybrid ferromagnetic/superconducting (FS) struc-
tures reveal a rich physics originating from the interplay
between magnetism and superconductivity [1, 2]. While
most of the research activity has been focused on the
study and detection of proximity induced triplet super-
conducting correlations in an equilibrium situation [2, 3],
more recent experiments addressed the problem of spin
and charge accumulation in superconducting wires[4–10].
Figure 1 shows a typical experimental setup, in which a
spin accumulation is generated by a spin-polarized cur-
rent injected from a ferromagnetic electrode. This spin
accumulation observed in the experiments can be quite
large. Two puzzling findings motivate this Letter: First,
in superconductors with a strong Zeeman splitting, the
induced spin accumulation has been detected at distances
from the injector much larger than the spin-relaxation
length in the normal state [6–8]. Second, the non-local
conductance gnl depends drastically on the origin of the
Zeeman splitting. Such a splitting can be caused either
by an applied (strong) external magnetic field [6, 7] or
by the proximity of a ferromagnetic insulator [11].
In this Letter, we develop a microscopic model based
on the well-established Keldysh kinetic equations for su-
perconductors extended to spin-dependent phenomena,
and solve this puzzle. In particular we show that: (i)
The observed long-range spin accumulation can be under-
stood as a thermoelectric effect for Bogoliubov quasipar-
ticles. The heating of a superconducting wire, originated
for example from an injected current, produces a spin
accumulation which can be detected as an electric signal
by a spin-filter detector. The spin accumulation created
in such a way can relax only due to the thermalization
of injected quasiparticles and therefore the spin relax-
ation length is determined by inelastic electron-phonon
and electron-electron scattering that can well exceed the
usual spin diffusion length. (ii) Besides generating a large
thermoelectric effect the Zeeman splitting also suppresses
the spin-flip and spin-orbital scattering which are the
main sources of charge imbalance relaxation in super-
conductors at low temperatures [12]. Hence the different
behaviors observed for the non-local conductance gnl as
a function of the injection voltage Vinj , depend on the
value of the orbital depairing parameter αorb defined be-
low. For large enough values of αorb, at large applied
fields the contribution from the charge imbalance to the
non-local conductance is suppressed and the gnl(Vinj) de-
pendence is almost antisymmetric with respect to Vinj
[6–8]. In contrast, if the Zeeman splitting is caused by
the proximity of a ferromagnetic insulator [11], αorb is
small and the charge imbalance contribution to gnl be-
comes important. In this case, we predict a qualitative
change of the non-local conductance as function of the
injected current, that can be experimentally proven.
We consider the nonlocal spin valve shown in Fig. 1.
A spin-polarized current is injected in the superconduct-
ing wire from a ferromagnetic electrode with polarization
Pinj , pointing in the direction of the magnetization. The
detector is also a ferromagnet with a polarization vector
Pdet and located at a distance Ldet from the injector.
Both the injector and the detector are coupled to the
wire via tunnel contacts. A magnetic field B is applied
in z direction.
When Pinj ‖ B ‖ Pdet (for the non-collinear case, see
Ref. [13]), the tunnelling current at the detector is given
2FIG. 1: (Color online) Schematic view of the setup for non-
local conductance measurements. Here we assume that the
polarizations of the magnetic contacts are collinear to the
magnetic field, Pinj ‖ Pdet ‖ B.
by
RdetIdet = µ+ Pdetµz (1)
where Rdet is the detector interface resistance in the
normal state, µ is the charge imbalance and µz the
spin imbalance. Here we assume that the detector cur-
rent is measured at zero bias Vdet = 0. The nonlocal
differential conductance measured in the experiment is
gnl = dIdet/dVinj .
The charge imbalance µ and spin accumulation µz
can be expressed in terms of the Keldysh quasiclassi-
cal Green function (GF) as µ =
∫∞
0 Tr(g
K)dε/16 and
µz =
∫∞
0 Tr[τ3σ3(g
K − gKeq)]dε/16. Here τ3 (σ3) is
the third Pauli matrix in Nambu (spin) space, gK is
the (4×4 matrix) Keldysh component of the quasiclas-
sical GF matrix gˇ =
(
gR gK
0 gA
)
, and gR(A) is the re-
tarded (advanced) GF. We denote gKeq = g
K at the
equilibrium state. The matrix GF satisfies the nor-
malization condition gˇ2 = 1 that allows writing the
Keldysh component as gK = gRfˆ − fˆgA, where fˆ is
the distribution function with a general spin structure
fˆ = fL + fT τ3 + fT3σ3 + fL3τ3σ3[14]. With the help
of the above notations we obtain the expressions for the
charge and spin imbalance in the superconductor (here
and below, ~ = kB = 1)
µ =
1
2
∫ ∞
0
dε(N+fT +N−fL3) (2)
µz =
1
2
∫ ∞
0
dε[N+fT3 +N−(fL − n0)], (3)
where N+ is the total density of states (DOS), N− is the
DOS difference between the spin subbands, and n0(ε) =
tanh(ε/2T ).
According to Eq. (3) there are two contributions to
the spin signal. One is generated from the longitudinal
component fL. This contribution is only finite in the
presence of a Zeeman splitting of the DOS (N− 6= 0).
The second contribution is described by the first term in
the integrand of Eq. (3) and it is finite even in the absence
of an exchange field. While this latter contribution has
been analyzed in Ref. [7], we show below that in several
cases it is the longitudinal contribution that dominates
the spin signal due to its long-range character.
In order to obtain the kinetic equations in a diffusive
spin-polarized superconductor we start from the general
Usadel equation [2]
D∇ · (gˇ∇gˇ) + [Λˇ− Σˇso − Σˇsf − Σˇorb, gˇ] = 0. (4)
HereD is the diffusion constant, Λˇ = iετ3−i(h · S)τ3−∆ˇ,
ε is the energy, ∆ˇ = ∆τ1 the spatially homogeneous or-
der parameter in the wire, h is the Zeeman field, and
S = (σ1, σ2, σ3) the vector of Pauli matrices in spin
space. The last three terms in Eq. (4), Σˇso = τ
−1
so (S ·gˇS),
Σˇsf = τ
−1
sf (S ·τ3gˇτ3S) and Σˇorb = τ−1orbτ3gˇτ3 describe spin
and charge imbalance relaxation due to the spin-orbit
scattering, exchange interaction with magnetic impuri-
ties and orbital magnetic depairing, characterized by the
relaxation times τso, τsf and τorb, respectively.
The orbital depairing rate can be written in the form
τ−1orb = Tcαorb(h/Tc)
2 where αorb is the dimensionless pa-
rameter measuring the relative strength of orbital and
paramagnetic effects and Tc is the critical temperature of
the superconductor for h = 0. If the Zeeman field is pro-
vided by an external magnetic field [6, 7] h = µBB where
µB is the Bohr magneton then αorb = Tc∆/(µ
2
BB
2
c ),
where Bc =
√
12φ0/(πξW ) is the critical field of a thin
superconducting film of width W , ξ =
√
D/∆ is the su-
perconducting coherence length and φ0 = h/(2e) is the
magnetic flux quantum [16]. Assuming ∆ = 240 µeV
and diffusion constant D = 40 cm2/s [7, 8], we obtain
αorb ≈ 210(W/ξ)2 where ξ ≈ 100 nm. This estimation
yields αorb = 1.33 for the film width W = 8 nm. The
Zeeman field can also be induced by an exchange field
in a FS proximity system [11]. In this case τorb is not
directly related to the Zeeman field and we describe this
with αorb = 0 in the numerical results below.
We assume that the transparencies of the detector
and injector interfaces are small, so that up to lead-
ing order the retarded and advanced GF are the bulk
ones determined by the nonlinear equation [ΛR − ΣRsf −
ΣRso − ΣRorb, gR] = 0. In the presence of an exchange
field h = hz, the spectral functions read gR = g01τ1 +
g31σ3τ1+ g03τ3+ g33σ3τ3 and g
A = −τ3gR†τ3. While the
terms diagonal in Nambu space (τ3) correspond to the
normal GFs, the g01, g31 describe the singlet and zero-
spin triplet anomalous components [2]. From these GFs
we get N+ = Reg03, N− = Reg33 in Eqs. (2,3).
From Eq. (4) we obtain two decoupled sets of kinetic
equations complemented by boundary conditions (BC)
at the spin-polarized injector interface z = 0. We use the
BC of Ref. [18] that generalizes the Kupriyanov-Lukichev
[19] one to the case of spin-dependent barrier transmis-
sion.
We start analyzing the set of equations that couple the
components fT and fL3. These determine the charge jc
3and spin-heat jse currents according to:
jc = DT∇fT +DL3∇fL3 (5)
jse = DT∇fL3 +DL3∇fT , (6)
where the diffusion coefficients are
DT = D
(
1 + |g01|2 + |g03|2 + |g31|2 + |g33|2
)
(7)
DL3 = 2DRe (g03g∗33 + g01g∗31) . (8)
These currents satisfy a pair of coupled diffusion equa-
tions
∇ · jc = RT fT +RL3fL3 (9)
∇ · jse = (RT + SL3)fL3 +RL3fT , (10)
supplemented by the BC at the injector electrode x = 0:
jc =
κI
D
{N+(fT − n−) +N−[PI(n0 − n+) + fL3]}
jse =
κI
D
{N−(fT − n−) +N+[PI(n0 − n+) + fL3]},
where n± = [n0(ε + Vinj) ± n0(ε − Vinj)]/2. The co-
efficients in Eqs. (9,10) are given by RT = 4∆Reg01,
RL3 = 4∆Reg31, and
SL3 =
16
τΣ
{(Reg03)2−(Reg33)2+β
[
(Reg31)
2 − (Reg01)2
]}.
Here τ−1Σ = τ
−1
so + τ
−1
sf and the parameter β = (τso −
τsf )/(τso+τsf ) characterizes the relative strength of spin-
orbit and spin-flip scattering. For example, in Al wires
used in the spin-transport experiments, the typical spin
relaxation time is τΣ ≈ 800 ps ≈ 40/Tc where Tc ≈ 1.6
K. For the spin accumulation experiments [7, 8, 11] the
value of β can be inferred from the magnetic depairing
parameter ζ = 8 · 10−4 in the absence of a magnetic
field. It is proportional to the spin-flip scattering rate
ζ = 3(1 + β)/(2τΣTc) which yields β ≈ −0.98. We use
β = −0.9 to obtain the qualitative effects.
The solution of the system (9,10) is given by the super-
position of two exponentially decaying functions e−kT1,2x
with amplitudes determined by the BC. The energy de-
pendencies of kT1,2 are shown in Fig. 2a,b for the cases
of strong and weak orbital depairing. The charge and
spin-heat imbalance relaxation is non-zero above the gap
kT1,2 6= 0 due to the magnetic pair breaking effects
[12, 20].
The other set of equations are for the components
fL, fT3 that determine the energy and pure spin currents
je = DL∇fL + DT3∇fT3 (11)
js = DL∇fT3 +DT3∇fL (12)
satisfying the diffusion equations
∇ · je = 0 (13)
∇ · js = ST3fT3, (14)
where the diffusion coefficients are
DL = D
(
1− |g01|2 + |g03|2 − |g31|2 + |g33|2
)
(15)
DT3 = 2DRe (g03g∗33 − g01g∗31) (16)
and
ST3 =
16
τΣ
{(Reg03)2−(Reg33)2+β
[
(Img01)
2 − (Img31)2
]}.
The boundary conditions at x = 0 are
je =
κI
D
[N+(fL − n+) +N−(fT3 − PIn−)] (17)
js =
κI
D
[N−(fL − n+) +N+(fT3 − PIn−)], (18)
where n± = n±(Vinj).
The solution of the system (13,14) is given by a super-
position of two qualitatively different terms
(
fL
fT3
)
= A
(
1
−DL/DT3
)
e−kLx +
(
α(x− L)
0
)
, (19)
where the amplitudes (α,A) can be found from the BC
(17,18). The first term in (19) describes a decay of the
(spectral) spin imbalance with a characteristic length
scale kL =
√
ST3DL/(D2L −D2T3). The second term in
(19) describes the rise of quasiparticle temperature gen-
erated by the applied voltage Vinj . This decays only via
inelastic scattering disregarded in the above equations,
but discussed in more detail below.
We now calculate the non-local conductance from
Eq. (1) and the solutions of kinetic equations
(9,10,13,14). First, we assume a strong orbital depairing
αorb = 1.33. Figure (2)c shows the non-local conduc-
tance and describes several features observed in recent
experiments [6–8] that we discuss below.
In the absence of a Zeeman field, N− = 0, and therefore
only the first terms in the r.h.s of Eqs. (2-3) contributes
to gnl. For h = 0 the contribution stemming from the
spin accumulation is finite only if Pinj 6= 0, which is the
condition to obtain a finite fT3. However, this function
decays over the short spin diffusion length and therefore
is negligibly small at the distances Ldet = 3λsf from the
injector. Thus, the detected signal in this case is mostly
determined by the charge imbalance, Eq. (2). This ex-
plains the symmetry with respect to the injecting volt-
age: gnl(Vinj) = gnl(−Vinj). The charge imbalance con-
tribution to gnl grows monotonically when |Vinj | > ∆g.
This behavior is determined by the increase of the charge
relaxation scale at large energies k−1T2 → ∞ shown in
Fig. 2a.
In the presence of a magnetic field, on the one hand,
the charge relaxation is strongly enhanced due to the or-
bital depairing effect. This explains a strong suppression
of the charge imbalance background signal by increased h
in Fig. 2c. On the other hand the spin imbalance contri-
bution stemming from the second term in the r.h.s of Eq.
4FIG. 2: (Color online) (a,b) Energy dependence of the inverse
length scales kT1,2 and kL for: (a) αorb = 1.33 and h = 0.3Tc;
(b) αorb = 0, and h = 0.8Tc (here λsf =
√
DτΣ/8 is the
normal state spin relaxation length). Panels (c) and (d) show
the nonlocal conductance as a function of the injecting volt-
age, gnl(Vinj) for: (c) αorb = 1.33 and h = 0; 0.1; 0.3; 0.4Tc.
(d) αorb = 0 and h = 0.8Tc. Red solid line shows the to-
tal signal, blue dashed and green dash-dotted lines show the
spin and charge imbalance contributions respectively. The
parameters common to all panels are T = 0.05 Tc, β = −0.9,
τΣTc = 40, Pinj = −Pdet = 0.1, κIξ = 0.02, the inelastic
relaxation length L = 20λsf and Ldet = 5λsf .
(3) is large. As shown above, this term describes the heat
injection in the presence of a finite Zeeman field h and
has a long-range behavior. This contribution leads to the
large peaks in gnl(Vinj) shown in Fig. 2c. In contrast to
the linear thermoelectric effect [21, 22], which is exponen-
tially small for temperatures well below the energy gap
T ≪ ∆, a non-linear heating produced by quasiparticles
injected at voltages exceeding the energy gap explains
the large electric signal observed in the experiments [6–
8]. Notice that the peaks do not have exactly the same
form so that gnl(Vinj) 6= −gnl(−Vinj). The small devia-
tion from the antisymmetric case is due to the small but
finite injector polarization Pinj , as well as to the presence
of an admixture of the charge imbalance signal.
Next let us consider the case of no orbital depairing
αorb = 0. This may correspond to the case of a Zeeman
field caused by the proximity of a ferromagnetic insu-
lator [11]. Figure 2d shows a clearly different behavior
for gnl(Vinj) with respect to the large αorb case, and can
be observed in the experiments [11]. Now the asymme-
try of the gnl(Vinj) curve is much more pronounced and
the peaks are much broader. This occurs due to a sig-
nificant admixture of the long-range charge imbalance
contribution (blue dashed curves) with the spin imbal-
ance one (green dash-dotted curve). While the latter is
almost perfectly antisymmetric the former produces sym-
metric peaks of gnl(Vinj) at voltages within the interval
∆ − h < Vinj < ∆+ h. These peaks appear due to the
strong suppression of charge relaxation by the Zeeman
splitting at the energy interval ∆ − h < ε < ∆ + h, in
accordance to Fig. 2b.
Our results give a qualitative explanation of experi-
ments with large magnetic fields [Fig. 2c]. Including an
additional constant orbital depairing which can originate
from the stray fields of ferromagnetic contacts [6] we are
able to obtain accurate fits of the experimental curves
shown in Fig.3a of Ref. [7] using realistic parameters. No-
tice that the decay of the component fL, responsible for
the long-range spin imbalance, is only limited by inelas-
tic relaxation, which have not been taken into account
in our kinetic equations. The observed relaxation length
λ ∼ 1 µm likely cannot be explained by electron-phonon
scattering, which already in the normal state leads to a
much larger value λph =
√
τphD ≈ 20 µm[7, 8]. Electron-
electron scattering on the other hand can redistribute the
total energy in the electron system and damp nonequi-
librium components of the signal. In order to obtain the
observed relaxation length λee ∼ 1 µm one should as-
sume that the e-e scattering time is τee ∼ 10−10s which
is significantly less than the known value in bulk dirty Al
[23] but can be achieved in low-dimensional samples [24].
The e-e thermalization process as well as nonuniversal
properties of the heat transport in real experimental se-
tups could explain the suppression of the spin imbalance
relaxation by the Zeeman field [7, 8].
To conclude, we have developed a theoretical frame-
work to study the transport properties of superconduc-
tors with a Zeeman splitting. We have demonstrated
that the splitting field leads to a strong suppression of
the relaxation of charge and spin imbalances created by
the injected current. In particular, the long-range spin
accumulation observed in recent experiments is shown to
be a manifestation of a non-linear thermoelectric effect
and it is only limited by the inelastic relaxation length
which can be larger than the spin relaxation time in nor-
mal metals by several orders of magnitude. Our model
gives a qualitative explanation for a wide range of exper-
iments on SF nonlocal spin valves, and predicts a strong
dependence of the non-local conductance on orbital de-
pairing, characterized by αorb. Besides explaining the
properties of superconductor-ferromagnet structures, our
theory may be straightforwardly extended for the general
description of thermoelectric effects in far from equilib-
rium situations in terms of the well-established theory of
non-equilibrium GFs.
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SUPPLEMENTARY MATERIAL
We express the charge density, spin density, energy density and spin energy density in terms of the Nambu-Keldysh
Green’s function and show that in the presence of a spin-splitting field their parametrization differs from the usual
case.
We wish to characterize the state of the electron system in the superconductor via different matrix elements of the
Nambu-Keldysh Green’s function. We choose the Nambu vector to be of the form
Ψ =
(
ψ↑(r, t) ψ↓(r, t) −ψ†↓(r, t) ψ†↑(r, t)
)
, (20)
where ψ
(†)
σ (r, t) annihilates (creates) an electron of spin σ in position r at time t. The Keldysh Green’s function is
written in terms of the Nambu vector as
GK(1, 1′) = −iτ3〈[Ψ(1),Ψ†(1′)]〉, (21)
where the argument 1 refers to position and time r1, t1. Up to a state independent factor, the charge density can
then be written as
ρ(1) = −ieTr[GK(1, 1)]/4 = −ie
∫
dp
(2π)3
∫ ∞
−∞
dǫ
2π
Tr[GK(ǫ,p, r, t)]/4, (22)
where the latter form is expressed in the Wigner representation. This is thus the particle density averaged over spin.
The spin density in direction uˆj ∈ {uˆx, uˆy, uˆz} is obtained from
sj(1) = −iTr[τ3σjGK ]/4 = −i
∫
dp
(2π)3
∫ ∞
−∞
dǫ
2π
Tr[τ3σjG
K(ǫ,p, r, t)]/4, (23)
6where τj(σj) is the jth Pauli spin matrix in Nambu (spin) space. The multiplication with τ3 takes care of the chosen
order of spins in the Nambu vector. In order to characterize the non-equilibrium spin accumulation we introduce the
difference between the total spin density and the one at the equilibrium state
sej(1) = −i
∫
dp
(2π)3
∫ ∞
−∞
dǫ
2π
Tr{τ3σj [GK(ǫ,p, r, t)−GKeq(ǫ,p, r, t)]}/4. (24)
As shown in the main text of the paper the spin accumulation sej determines the tunnelling current at the spin-
polarized detector electrode in the non-local measurement scheme.
The spin-averaged energy density involves a multiplication by the Nambu matrix τ3 to take care of the fact that
whereas particles and holes contribute to the charge an opposite amount, they contribute an equal amount to the
excitation energy. We thus can write in the Wigner representation the (internal) energy density
ǫ(r, t) = −ie
∫
dp
(2π)3
∫ ∞
−∞
dǫ
2π
ǫTr[τ3G
K(ǫ,p, r, t)]/4. (25)
In the limit of a large bandwidth this becomes very large, so it is convenient to describe only the excess energy density
compared to some equilibrium value,
ǫe(r, t) = −ie
∫
dp
(2π)3
∫ ∞
−∞
dǫ
2π
ǫTr{τ3[GK(ǫ,p, r, t)−GKeq(ǫ,p, r, t)]}/4. (26)
Similarly to the charge density, ǫe is a spin-averaged quantity. We can thus also define the energy density difference
in the two spin ensembles by
ǫj(r, t) = −ie
∫
dp
(2π)3
∫ ∞
−∞
dǫ
2π
{ǫTr[σjGK(ǫ,p, r, t)]}/4. (27)
In the absence of a ferromagnetic transition, the contribution to this quantity comes from the small energy region
related to voltage or temperature, and therefore there is no need to remove the equilibrium value.
We now define the quasiclassical Keldysh Green’s function in the diffusive limit (and a spherical Fermi surface) via
gK(1) =
i
π
∫
dpˆ
4π
∫
dξGK(ǫ, ξ, pˆ, r, t), (28)
where p = ppˆ and ξ = p2/(2m) − ǫF , where ǫF is the Fermi energy. Employing charge neutrality (charge density
vanishes on length scales that are large compared to the usually microscopic screening length) and including the
non-quasiclassical corrections in the standard way [15], the electrostatic potential (instead of the charge density that
vanishes) can be written in terms of the quasiclassical Green’s function as
µ(~r, t) = − 1
16
∫ ∞
−∞
dǫTr[gK(ǫ, ~r, t)]. (29)
In the absence of a ferromagnetic transition, the other expressions can be then straightforwardly written in terms of
the quasiclassical Green’s function by using
∫
dp
(2π)3
=
∫
dξN(ξ)
∫
dpˆ
4π
≈ N0
∫
dξ
∫
dpˆ
4π
, (30)
where N(ξ) is the density of states in the normal state, and we assume N(ξ) ≈ N0 for excitation energies close to the
Fermi surface. We hence get
sej(1) = −N0
∫ ∞
−∞
dǫTr{τ3σj [gK(ǫ, r, t)− gKeq(ǫ, r, t)]}/8. (31)
ǫe(1) = −N0
∫ ∞
−∞
dǫǫTr{τ3[gK(ǫ, r, t)− gKeq(ǫ, r, t)]}/8. (32)
ǫj(1) = −N0
∫ ∞
−∞
dǫTr[σjg
K(ǫ, r, t)]/8. (33)
7The full quasiclassical Keldysh Green’s function
gˇ =
(
gR gK
0 gA
)
(34)
satisfies the normalization condition gˇ2 = 1. This allows parameterizing gK = gRf−fgA, where in the spin-dependent
case the distribution function f is parameterized by eight functions,
f = fL + fT τ3 +
∑
j
(fTjσj + fLjσjτj). (35)
Here the L-labelled functions denote the (spin) energy degrees of freedom and are antisymmetric in energy with respect
to the Fermi level ε = 0 in the superconductor. The T-labelled functions are symmetric in energy and describe the
charge/spin imbalance.
In the main text, we only concentrate on the case of collinear spin configurations, and thereby it is enough to choose
one of the spin directions, say j = 3. In this case the above expressions for the local potential, nonequilibrium spin
density, energy density and spin energy density can be written as
µ(~r, t) = −1
2
∫ ∞
0
dǫ(N+fT +N−fL3) (36)
se3(~r, t) = −N0
∫ ∞
0
dǫ[N+fT3 +N−(fL − n0)] (37)
ǫe(~r, t) = −N0
∫ ∞
0
dǫǫ[N+(fL − n0) +N−fT3] (38)
ǫ3(~r, t) = −N0
∫ ∞
0
dǫǫ(N+fL3 +N−fT ), (39)
where n0 is the equilibrium distribution function describing G
K
eq, ǫ has been redefined with respect to the chemical
potential of the superconductor, and we have used the fact that the integrands are symmetric with respect to ǫ = 0.
These expressions are also used to define the charge and spin imbalances in Eqs. (2-3) of the main text. When
entering the current (Eq. (1) of the main text), the prefactors are absorbed in the definition of the normal-state
interface resistance.
Note that in the absence of the exchange field, the density of states (per spin) is electron-hole symmetric. In that
case the particle/spin/energy densities could be written directly in terms of the individual distribution functions,
instead of their combinations, whose presence reveals the strong thermoelectric effect.
